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ABSTRACT	Many	 students	 in	 the	 engineering	 disciplines	 do	 not	 complete	 their	 higher	education	 degree	 and	 drop	 out.	 This	 problem	 is	 serious,	 especially	 for	 first-year	 university	 students.	 In	 this	 paper,	 we	 analyse	 how	 students	 earn	 the	credits	required	 for	 their	successful	completion	of	 the	 first	study	year.	Using	the	 example	 of	 a	 European	 technical	 university	 with	 traditional	 classroom-based	education,	we	identify	three	groups	of	students:	those	who	pass,	those	who	earn	only	enough	credits	for	staying	in	the	program,	and	those	who	fail.	Important	patterns	can	be	found	at	the	end	of	the	first	semester.	We	present	a	simple	 algorithm	 that	 identifies	 students	 who	 may	 benefit	 from	 early	additional	support,	which	would	increase	their	chances	of	progression	to	the	second	year	and	improve	the	retention	 improvement	 for	the	university.	 	The	results	are	evaluated	in	four	consecutive	academic	years.	The	data	from	years	2013/14	 and	 2014/15	 have	 been	 used	 to	 develop	 and	 verify	 the	 prediction	model.	 In	 study	 years	2015/16	 and	2016/17	 the	model	 has	been	 applied	 to	predict	at-risk	students,	where	the	university	tutors	intervened	and	provided	additional	support	and	a	significant	improvement	was	achieved.	
Keywords	Student	 drop-out,	 learning	 analytics,	 intervention,	 progression,	 engineering	 education,	 STEM	 subjects,	prediction	 of	 study	 results,	 ECTS	 credits,	 early	 exam	 period,	 first-year	 bachelor’s	 program,	 traditional	classroom-based	university.	
1. INTRODUCTION	According	 to	 Quinn,	 [3]	 in	 some	 EU	 countries	 between	 20%	 and	 54%	 of	 students	 fail	 to	 complete	 their	degrees.	 In	distance	education,	 the	percentage	of	students	who	fail	 to	complete	the	degree	 is	about	78%,	see	[4].	This	paper	analyses	patterns	of	behaviour	exhibited	by	 the	cohorts	of	 first-year	students.	The	aim	of	 the	analysis	is	to	identify	students	at	risk	of	failing	as	early	as	possible	so	that	they	can	receive	suitable	support	[1].	 An	 anonymised	 dataset	 has	 been	 taken	 from	 the	 Faculty	 of	 Mechanical	 Engineering,	 at	 the	 Czech	Technical	 University,	 which	 offers	 a	 three-year	 bachelor	 program,	 followed	 by	 a	 two-year	 master’s	
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program	in	Mechanical	Engineering.	The	education	is	organised	in	the	traditional	classroom-based	manner	with	lectures,	tutorials	and	exams.		Data	of	994	students	registered	in	2013/14	were	used	for	developing	the	predictive	model.	This	model	was	verified	on	917	 students	 registered	 in	2014/15.	Based	on	 the	predictions,	 tutors	 intervened	 in	2015/16	and	2016/17.		
2. STUDY	ORGANISATION	
2.1 Academic	year	The	academic	year	is	divided	into	winter	and	summer	semesters	each	13	weeks	long,	and	each	followed	by	6	week	examination	periods.	At	the	end	of	the	winter	semester,	before	the	start	of	the	winter	exam	period,	there	 is	1	week	Christmas	break.	Prior	 to	 the	winter	and	summer	exam	periods,	 still	within	 the	 running	semester,	 there	are	 “early	exam	periods”	of	at	 least	4	weeks.	The	summer	exam	period	 is	extended	by	2	more	weeks	after	the	summer	holiday.	Students	can	earn	ECTS	credits	in	20	courses,	12	of	which	belong	to	the	 Science,	 Technology,	 Engineering	 and	 Mathematics	 (STEM)	 group.	 These	 are	 the	 most	 important	courses	 for	 acquiring	 the	 qualification	 [2]	 and	 therefore	 are	 rewarded	 by	 more	 credits.	 In	 the	 winter	semester,	 students	 can	 earn	 up	 to	 39	 ECTS	 credits	 of	which	 32	 are	 from	 STEM	 subjects,	 in	 the	 summer	semester	it	is	36	credits	in	total	of	which	32	are	STEM	credits. For each course, the examiner offers multiple 

















	If	it	is	possible	to	select	at-risk	students	before	the	start	of	the	regular	exam	period,	it	might	be	possible	to	provide	 them	 with	 additional	 support.	 One	 of	 the	 important	 challenges	 the	 students	 face	 are	 how	 to	organize	 their	 first	 difficult,	 esp.	 STEM	 exams	 to	 minimize	 the	 number	 of	 failed	 opportunities.	 The	university	is	prepared	to	assign	a	tutor	to	each	small	student	groups	to	support	them	through	this	period,	providing	that	there	is	a	chance	that	the	effort	is	efficient	and	meaningful.		











5.1 Predictions,	interventions,	and	financial	implications	The	 accuracy	 (i.e.	 precision)	 of	 the	 prediction	 was	 calculated	 as	 the	 ratio	 of	 the	 number	 of	 students	predicted	correctly	to	the	number	of	all	students	predicted	as	being	a	member	of	the	class.	The	results	are	as	follows:	In	class	predicted	as	fail	(x<5),	100%	students	were	predicted	correctly.	In	the	class	predicted	as	continuing	
(5	≤	x	≤	20),	50%	students	were	at	the	end	of	the	academic	year	in	the	class	continuing,	31%	were	in	pass	and	19%	students	 failed.	 In	 the	 class	predicted	 as	pass	 (x>20),	 92%	students	were	 in	 the	 class	pass,	8%	were	 continuing	 and	 no	 student	 in	 reality	 failed.	 These	 results	 apply	 for	 study	 year	 2013/14,	 for	 other	years	the	values	are	similar.	
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6. COMPARISON	WITH	THE	PREVIOUS	YEARS	The	best	 results	 in	 the	 period	 prior	 the	 use	 of	 StudentAnalyse	were	 achieved	 in	 2013/14	when	 only	 (!)	33.2%	 students	 failed	 in	 the	 first	 study	 year.	 Assuming	 the	 same	 failure	 rate	 in	 2015/16,	 255	 students	would	have	failed	and	the	financial	loss	for	the	university	would	have	been	14,726,250	CZK.	The	net	benefit	for	that	year	was	therefore	7,221,003	CZK.		Similarly,	 in	2016/17,	228	students	would	have	failed	resulting	in	the	financial	 losses	of	13,167,000	CZK.	The	financial	benefit	is	6,527,783	CZK.		The	 total	 financial	 benefit	 for	 the	 university	 in	 the	 period	2015	 –	 2017	 is	 therefore	 13,748,786	CZK,	 i.e.	about	£443,500.		
7. CONCLUSIIONS	The	most	important	findings	are	that	it	is	possible	to	predict	the	final	result	of	the	first	year	students	at	a	traditional	classroom-based	university	from	their	performance	at	the	beginning	of	the	study	year,	prior	to	the	first	exam	period	and	that	well-directed	interventions	do	make	a	difference.	Since	in	the	context	of	the	Open	University,	 OUAnalyse	 predicts	 success	 in	 TMA	 submissions	with	 a	 good	 precision	 and	 recall	well	before	the	cut-off	date,	it	is	likely	that	better	organised	and	well	targeted	interventions	would	significantly	improved	student	drop	out	with	the	obvious	financial	benefits	for	the	university.		Both	of	 the	 results	 achieved	 in	2015/16	and	2016/17	at	 the	 faculty	of	Mechanical	Engineering,	 CTU	are	significantly	higher	 than	maximum	10%	of	 retention	 shown	 in	Table	1.	 	We	do	not	 claim	 that	 the	actual	improvement	of	about	50%	at	CTU	can	be	ascribed	only	to	the	well	organised	and	systematically	applied	interventions,	but	we	believe	that	this	is	a	very	important	factor	that	also	has	the	potential	to	improve	the	retention	at	the	OU.			
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